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Prior research has demonstrated that clinicians often fail to review and act upon outpatient test results in a timely and ap-
propriate manner. To address this patient safety and quality of care issue, Partners Healthcare has developed a browser-based,
provider-centric, comprehensive results management application to help clinic physicians review and act upon test results in a safe,
reliable, and eﬃcient manner. The application, called the Results Manager, incorporates extensive decision support features to
classify the degree of abnormality for each result, presents guidelines to help clinicians manage abnormal results, allows clinicians to
generate result letters to patients with predeﬁned, context-sensitive templates and prompts physicians to set reminders for future
testing. In this paper, we outline the design process and functionality of Results Manager. We also discuss its underlying archi-
tectural design, which revolves around a clinical event monitor and a rules engine, and the methodological challenges encountered in
designing this application.
 2003 Elsevier Inc. All rights reserved.
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Failure to follow-up on abnormal diagnostic test re-
sults represents one of the most problematic safety issues
in the practice of outpatient medicine [1]. When test
results are not acted on in a timely and appropriate
manner, patients safety and satisfaction are jeopar-
dized. Prior research has shown that both patients [2]
and physicians [3] are concerned with this issue, and
results from other studies [4–7] further highlight the
ongoing need to address this gap in quality. Moreover,
this issue is beginning to receive more national attention.
The Agency for HealthCare Research and Quality
(AHRQ) [8], in a recent set of recommendations issued
to patients on how to prevent medical errors, recom-qThis work was funded in part by AHRQ Grant RO1 1U18
HS11046-03.
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doi:10.1016/S1532-0464(03)00061-3mends to patients that no news (on test results) is not
good news, suggesting that existing results follow-up
systems are inadequate to protect patients safety.
An examination of the traditional paper-based result
management system oﬀers some insights into the chal-
lenges faced by outpatient physicians as they manage
test results for their patients. These results typically
become available at varying times between patient visits,
when the patient is not in the oﬃce to prompt the
physician to review these results. To ensure timely re-
view of these results, many clinics devote signiﬁcant
resources to organize the streams of incoming reports
from diﬀerent paper-based sources. For clinics without
such resources, the onus falls upon the individual phy-
sician to assume that responsibility. Unfortunately,
these paper-based systems are not robust and are subject
to the frailties of human vigilance and memory [9].
These deﬁciencies in existing systems are not trivial gi-
ven the high volume of data that each physician is re-
sponsible for reviewing. In a recent review of tests
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practices at the Brigham and Womens Hospital in
Boston, MA, we found that a full-time primary care
physician on average reviews 930 pieces of chemistry/
hematology data and 60 pathology/radiology reports in
a typical week. Moreover, prior research indicates that a
signiﬁcant number of physicians employ largely deﬁcient
systems to manage test results: 36% of clinicians do not
routinely inform their patients about test results, and
only 23% of primary care physicians have a reliable
method to ensure that abnormal test results receive the
appropriate follow-up [10].
In terms of patient outcomes, research also shows
that clinicians need to improve the way they follow-up
on abnormal test results [11]: about one-third of ab-
normal TSH [6], pap smears [12], and mammograms [5]
do not receive timely follow-up in accordance with es-
tablished clinical guidelines. This represents an impor-
tant quality and safety issue in the outpatient setting as
data from malpractice carriers point out that 30% of
oﬃce-based diagnosis-related malpractice cases can be
attributable to failures in the follow-up system [13]. The
changing guidelines on disease management oﬀer yet
another layer of complexity to this issue.
While test results viewers have been one of the most
widely used informatics applications in healthcare [14–
16], there is, to our knowledge, very limited material in
the informatics literature that describes applications
designed to help clinicians actively and comprehensively
manager all of their patients test results. Result viewers
in typical information systems, for example, are de-
signed only for passive retrieval: clinicians need to ac-
cess, on their own initiative, the electronic medical
record for each patient to see if new results are available
for review. While a few institutions have implemented
systems that actively notify clinicians about life-threat-
ening test results in the inpatient setting [17–21], these
systems have generally only addressed selected results
that somehow indicate gross deviation in a patients
status from expected norms. In outpatient clinical
practice, however, results of diﬀerent types may be im-
portant for decision making, even if they are normal or
slightly abnormal [22]. Furthermore, the follow-up tasks
in the outpatient setting are inherently diﬀerent in the
inpatient setting as physicians cannot closely monitor
their patients and follow-up actions require the active
and willing participation of the patients [23].
Clinicians clearly need help: a survey performed
within Partners Healthcare (Boston, MA) indicated that
59% of primary care clinicians were not satisﬁed with
their current system of result tracking. Given the high
volume of data that need to be reviewed, the complexity
of the follow-up tasks involved and the quality gaps in
the follow-up of abnormal test results, it is not diﬃcult
to see why outpatient clinicians need systems to that
help them prioritize, review and act upon streams of testresult data. To address these issues around workﬂow
and patient safety, Partners Healthcare has developed
the Results Manager (RM), a browser-based, compre-
hensive, provider-centric tool to help clinicians manage
patient test results in a reliable and eﬃcient manner.
This paper will highlight its design process, functional-
ity, decision support features and underlying architec-
tural design. It will also discuss the methodological
challenges encountered in the design, implementation
and maintenance of RM.2. Clinical setting
RM has been developed for outpatient practices af-
ﬁliated with Partners Healthcare in Boston, Massachu-
setts. Partners Healthcare was formed in 1994 by the
Brigham and Womens Hospital (BWH) and Massa-
chusetts General Hospital (MGH). The Department of
Information Systems (IS) at Partners Healthcare is re-
sponsible for developing and supporting a large variety
of system-wide applications for inpatient and outpatient
services, including inpatient physician order entry, pa-
tient computing, billing and bed control systems, an
integrated patient data repository (Clinical Data Re-
pository—CDR), a results viewer, and a browser-based
ambulatory electronic medical record (Longitudinal
Medical Record—LMR).
Approximately 1500 physicians working in 24 pri-
mary care and 14 subspecialty practices currently use the
LMR to view their appointment schedules, record and
review visit notes, prescribe medications, and manage
problem and medication lists. Results of tests performed
at all sites within our healthcare system are stored in the
CDR. Prior to the development of RM, access to test
results relied on the initiative of the ordering clinician.
Moreover, clinicians typically had to access each pa-
tients CDR records multiple times in order to review
results that arrive anywhere from hours to days after the
clinical encounter. In order to support clinicians who
preferred to receive active notiﬁcation of test results as
they become available, laboratories in our healthcare
system would send test results on paper to individual
clinics, which in turn would sort and ﬁle individual test
results for clinicians to review.3. User requirements speciﬁcations
At the beginning of the design process, we consulted
key stakeholders of this application to ensure RM
would satisfy the needs of its user base. Stakeholders
included the medical directors of several primary care
clinics, LMR user groups at both BWH and MGH, and
the Director of Patient Safety at BWH. Based on iter-
ative discussions with potential end-users, we decided
that RM should:
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ing clinician. These include results of tests ordered at
the time of a visit, as well as those ordered between
visits.
• Highlight results that require urgent attention by the
clinician.
• Present results in the context of previous results, pa-
tients medication lists and problem lists.
• Allow clinicians to explicitly acknowledge and act on
test results, and have their actions documented elec-
tronically.
• Re-present previously acknowledged results if the
laboratory updates or corrects a result.
• Allow clinicians to track and review new test results
on particular patients even if they are not the order-
ing provider. For example, a supervising attending
may want to review results for tests ordered by his/
her residents.
• Provide clinical decision support to improve com-
pliance with national guidelines on the follow-up
of abnormal results. For example, a physicianFig. 1. Results Manager front screen. View options—currently ﬁve options: (1)
require review. Clinicians may close a visit after all follow-up actions for that
Open and Closed Visits—displays all visits with results even if they have been
visits for which a user had previously placed free-text user-ﬂags or comments.
wants to receive all outpatient test results, regardless who ordered the test. (5)
a particular day. If results are available for patients, they can also be reviewe
available for review. The actual results for a patient can be reviewed by clicki
R—Radiology; (4) P—Pathology. Abn—denotes the degree of abnormality for
checkmark is displayed under this column if all results associated with the
fountain pen icon is displayed if clinic notes dated around the time of the vi
on the fountain pen icon. Notes that have been ﬁnalized are denoted by an F
is displayed if both ﬁnalized and preliminary notes are present. Patient Lette
RM. A printer icon is displayed next to the letter icon if the result letter ha
clinician the opportunity to annotate visits. Clinicians may record here the
tasks.reviewing cholesterol panel results for a patient
should be presented with the LDL goal for that
particular patient.
• Provide tools allowing clinicians to remind them-
selves to perform tasks in the future.
• Improve communication between patients and doc-
tors regarding test results by providing users with
tools to generate patient result letters.
• Allow users to mark visits as taken care of after all
results have been acknowledged and appropriate ac-
tions have been taken.
• Support diﬀerent types of workﬂow in clinics so that
ancillary staﬀ and physician extenders (e.g., nurse
practitioners) can review and act on results on behalf
of the ordering provider.
• Alert providers whose patients have markedly abnor-
mal results that remain unacknowledged by sending
them an e-mail warning.
• Facilitate fail-safe mechanisms at the practice level
that are not dependent on individual providers when
there are important abnormal results.Open Visit Only—default view. Displays all open visits with results that
visit have been completed. Closed visits are removed from this view. (2)
previously closed by a clinician. (3) Visits with User ﬂags—displays all
(4) Patient Watchlist—display the panel of patients for which a clinician
Schedule View—displays the list of patients on a clinicians schedule for
d from this view. CDR results—denotes that results of various types are
ng the letters in this column. (1) C—Chemistry; (2) H—Hematology; (3)
the most abnormal result associated with the visit (see Table 2). Ack—a
visit have been explicitly acknowledged by a clinician. Visit Note—a
sit is present. Providers may review the contents of the note by clicking
. Notes that are still in preliminary form are denoted by a P. An F/P
r—a letter icon is displayed if a result letter has been written through
s been printed. User Flags/Comments—a free-text ﬁeld which gives the
tests that been ordered during the visit, or any outstanding follow-up
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To understand the workﬂow RM would need to
support, we built browser-based mockups of the user
interface early in the design process. The design team
used these mockups as a tool to communicate our ideas
during discussions with the user-base. During these
discussions, the mockups served to illustrate how the
user-base would use RM—for a full-time physician, RM
would likely be used once to twice a day during clinic
session down times when clinicians would manage test
results that had recently arrived; for a part-time physi-
cian, RM would likely be used a few times a week when
the physician is away from the clinic. We reﬁned the
mockups in an iterative fashion based on feedback col-
lected during seven focus group presentations. These
mockups were ultimately incorporated into the technical
speciﬁcations for our development team. We present
here our ﬁnal designs:
Fig. 1 shows the front screen of RM, which can be
accessed with one mouse click from any screen within
the LMR. Results on the RM front screen are
grouped by their degree of abnormality. (See section
below for details on how we classify the degrees of
abnormality for results.) Critical and subcritical re-
sults, designated by !!! and !!, respectively, are pre-
sented ﬁrst in order to encourage providers to process
them sooner. Within each category of critical, sub-
critical, abnormal or normal results, results are
grouped by clinic visit dates. A result is associatedFig. 2. Results revwith a particular visit if the result falls within a par-
ticular time-window of the visit with the clinician who
ordered the test. Results that are ordered outside the
time-window of any clinic visit are also listed but
marked as having no visit.
When a user has explicitly acknowledged every result
associated with a visit, RM marks the visit as ac-
knowledged on the RM front screen. Users can also
review notes and letters associated with the visit. Once a
user has completed all tasks associated with a visit, s/he
can select the visit and close it. Closed visits are then
removed from the front screen of RM.
Fig. 2 shows the results review screen. The user ac-
cesses this screen by clicking the letters in the CDR
Result column of the front screen. The results linked to
this visit are listed on the chooser on the left, with which
the user can switch between diﬀerent results. To provide
a context in which to interpret the results, previous re-
sults as well as the patients problem list and medication
list are displayed. A suggested course of action will be
displayed in the guidelines and alert box, and links to
websites pertinent to the result being reviewed will also
be displayed in this box (Fig. 3).
Users can indicate they have reviewed the displayed
result by clicking the Acknowledge Results button.
They can also forward the active result to a colleague
(e.g., to the nurse practitioner if she reviews and pro-
cesses all pap smear results). In addition, they can also
set a test-based reminder (test-tickler) that will prompt
the user for further action in the future if a certain test isiew screen.
Fig. 3. On-line access to guidelines.
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ple, a physician reviewing a slightly elevated calcium
result can set a test-tickler that will prompt the physician
in 6 months if the patient does not have a repeat calcium
within that time frame.
Users can generate result letters for patients with
minimal eﬀort. When the user clicks the Add Inter-
pretation to Letter button, a letter-writing pad, pre-Fig. 4. Result lettepopulated with the patients address and salutation
(Fig. 4). A pre-generated interpretation of the result is
then inserted into the letter. This text is generated by
the rules engine (see below) using logic derived from
clinical guidelines, and pertains to the result being re-
viewed. User-deﬁned text (e.g., a paragraph to remind a
diabetic patient to visit the podiatrist) can also be ad-
ded to the letter. Users may choose to publish theirr generation.
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can be printed individually or in batch mode, and are
saved into the medical record.5. Clinical decision support speciﬁcations
In the current phase of RM implementation, all
chemistry, hematology, pathology, and radiology results
are reported to the ordering physician and others who
have expressed an interest in the results. For each result
reported, RM classiﬁes its degree of abnormality, pre-
sents guidelines for managing the result, provides con-
text-sensitive templates for physicians to generate result
letters to patients and suggests reminders for repeat
testing in the future. These decision support features are
driven by predeﬁned clinical rules that we had to de-
velop, since rule sets speciﬁcally geared towards the
outpatient population were not available. These rules
are triggered as RM receives each test result from the
laboratory source systems and interprets them. The
output of these decision support rules is stored with
the test result and RM makes the decision support
output available to the user as he or she reviews each test
result. The general structure of our decision support
rules is presented in Table 1, together of an example of a
speciﬁc rule handles marginally abnormal mammo-
grams. We will discuss the diﬀerent components of these
decision support rules separately below.
5.1. Classifying the degree of result abnormality
Each result is classiﬁed by RM as (i) critical, (ii) sub-
critical, (iii) abnormal or (iv) normal. Critical results are
those that warrant urgent attention, such as potentially
dangerous electrolyte levels. Criteria for critical results
have been derived from long-standing guidelines adop-
ted by physicians and nurse practitioners in our internal
medicine clinics. Sub-critical results represent conditions
that are rarely life-threatening in the short term but al-
most always require follow-up action. For example, pap
smear results suggestive of malignancy would be con-
sidered a sub-critical result. Results are considered ab-
normal if they fall outside of the laboratory deﬁned
normal ranges, although clinically insigniﬁcant abnor-
mal results (e.g., low alkaline phosphatase) will be
suppressed to limit the number of tests unnecessarily
marked as abnormal. Table 2 outlines the classiﬁcation
scheme for chemistry and hematology laboratory tests,
pap smears, and mammograms.
RM groups test results by the degree of abnormality
and patients with the most severely abnormal results are
presented ﬁrst to the users (Fig. 1). For patients with
multiple results to be reviewed, RM uses the result with
the highest degree of abnormality for a particular pa-
tient to determine the order in which it presents thepatient to the user. For example, a patient with a critical
result and two abnormal results is displayed amongst
other patients with critical results.
5.2. Fail safe notiﬁcation mechanism
To ensure timely review of results that might repre-
sent life-threatening conditions, RM notiﬁes clinicians
of critically abnormal results by electronic mail every
24 h if these results remain unacknowledged. Results
that remain unacknowledged after two repeated at-
tempts are forwarded to a pre-designated representative
within the clinic, who will also be notiﬁed by email
about why results are being forwarded.
To ensure that test results can be reviewed and acted
upon even during a physicians absence, we allow other
physicians within the same clinic to process test results
on behalf of a colleague. All actions, including result
reviews, are logged centrally to ensure accountability
and protect patient conﬁdentiality.
5.3. Letter templates
As communication with patients plays an essential
role in the follow-up of abnormal test results [7], RM
supports the generation of result letters to patients. As
each result is interpreted by RM using predeﬁned deci-
sion support rules, a short paragraph designed for pos-
sible incorporation into a result letter is linked to the
result. These paragraphs contain a brief explanation
about the test result to the patient and, for certain re-
sults including cholesterol and hemoglobin A1c, a
comment about how far the patient is from his or her
goal level. When the clinician reviews results for a pa-
tient, he or she may use the associated predeﬁned
paragraphs to generate the result letter. Letters are
available in both Spanish and English versions, and
clinicians who declare proﬁciency in Spanish are given
access to the Spanish versions of the paragraphs when
they generate result letters to Spanish-speaking patients.
5.4. Test-ticklers
Certain patients with abnormal test results should
also have further tests performed in the future. To fa-
cilitate this follow-up process, RM allows users to set
reminders, otherwise known as test-ticklers, for tests
that need to be performed in the future. Based on the
test result being interpreted, RM suggests what further
tests should be obtained and when they should occur.
The user can accept the default suggestions by RM, or
set reminders for other types of follow-up tests. Once the
test-tickler is set, if the patient undergoes the follow-up
test as planned, the test-tickler is considered fulﬁlled.
However, if the patient fails to obtain the follow-up test,
RM will notify the clinician as they invoke RM.
Table 1
Decision support rule structure
Rule component Explanation Example
Rule descriptor Rule name Marginally abnormal mammogram
Rule description Patients with a mammogram coded as
BIRAD 3 should have a repeat
mammogram in 6 months
Rule status Indicates whether a rule is active or not Active
Trigger logic Trigger data type Indicates which result type this rule
applies to
Mammograms from radiology source
system
Trigger evaluation logic Indicates the conditions under which
this rule should be evaluated as
positive. If the rule is evaluated as
positive, the notiﬁcation logic and
action logic will be applied to the test
result. If the rule is evaluated as
negative, the test result is passed on to
other rules for evaluation.
Rule evaluated as positive if BIRAD
code in mammogram report¼ 3
Notiﬁcation logic Severity ﬂag Indicates to the user the level of
abnormality for this test result. Results
that are coded as critical will cause the
clinician to be notiﬁed by email
Sub-critical (non-urgent follow-up
almost certainly needed)
Action logic Default letter text (English) Denotes the pre-deﬁned text in English
that will be inserted into the patient
letter if the user chooses to use it in
generating the result letter
‘‘The mammogram performed on hdatei
showed a mild abnormality. While the
appearance of this abnormality likely
reﬂects benign changes in your breasts, I
would recommend a repeat
mammogram within 6 months. If you
have not made the arrangements to
schedule another mammogram within
that timeframe, please make an
appointment with me so we can make
the appropriate arrangements’’
Default letter text (Spanish) Denotes the pre-deﬁned text in Spanish ‘‘La mamografıa que hicimos el dıa
(date) mostro una anormalidad. Aunque
un resultado como este podrıa
representar cambios benignos, le sugiero
repetir la mamografıa dentro de 6 meses.
Si no se han hechos arreglos para otra
mamografıa, por favor haga una cita
conmigo para que nosotros podamos
hacerlos’’
Default tickler test type Indicates the default test type with which
a test-tickler will be set if a user decides
to set a test-tickler after reviewing this
test result
Mammogram
Default tickler time-out
period
Indicates the default time frame with
which the test-tickler is set if the user
decides to set a test-tickler on this result
6 months
Guideline text A short interpretation of the test result
that is displayed to the user
‘‘Marginally abnormal mammogram.
Short-term follow-up as recommended
by radiologist (usually 6 months)
recommended’’
Guideline link A web-link to further information to
help the user interpret the test result
http://www.rmf.harvard.edu/rmLibrary/
clinical-guidelines/breast-algo/screening/
SCREEN_1.HTM
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RM provides its users with suggestions on how to
perform the follow-up of abnormal test results. These
suggestions are derived from published clinical guide-lines, such as the National Cholesterol Education Pro-
gram [24], or local adaptations of national guidelines,
such as the breast care guidelines published by the
Harvard Risk Management Foundation [25], a mal-
practice insurance carrier. These suggestions are con-
Table 2
Current classiﬁcation scheme for the degree of abnormality in results
Critical results Sub-critical results Abnormal results
Chemistry Sodium <140
Potassium >5.4 or <3.0
Glucose >400
Creatinine >2.5
BUN >50
Calcium >12 of <8
Magnesium <1.7
Creatinine kinase >300
Troponin I >0.1
AST/SGOT >300
ALT/SGPT >300
Alk Phos >300
Total bilirubin >4
Direct bilirubin >3
Amylase >120
TSH >20 or <0.1
Digoxin >2
Cholesterol:
• LDL >100 in patients with
coronary heart disease or
diabetes on problem list
• LDL >130 in patients with
2 ormore cardiac risk factors
deﬁned on problem list
Results that fall outside lab
deﬁned ranges, EXCEPT:
• Low creatinine
• Low AST/SGOT, ALT/SGPT
• Low Alk Phos
• Low total or direct bilirubin
• Low cholesterol, HDL
• Low triglycerides
• Low amylase/lipase
• High folic acid
• High vitamin B12 level
Hematology WBC >15,000 or <2000
Hematocrit <30
Platelets <100,000
ESR >50
INR: <1.6 or >4.0 in patients
on warfarin
HbA1c >8.0 in patients with
diabetes on problem list
Results that fall outside lab deﬁned
ranges, EXCEPT: low PT, PTT,
MCHC, MCH
Pap smears None Any results suggestive
of dysplasia or malignancy
Unsatisfactory/
inadequate sample
Mammograms None Any results suggestive of
malignancy
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reviewed, as well as prior results, patient demographics,
problem lists and medication lists. These suggestions are
displayed in the alerts and guidelines box as the clini-
cian reviews the test result. We have limited the length of
these suggestions to 150 characters to avoid overloading
the clinician with too much information. We provide
clinicians who want further information about the
guideline a link to the website where details of the
guidelines can be reviewed (Fig. 2). These guidelines are
kept in an on-line dictionary which is updated periodi-
cally by physicians on the project team.6. Software architecture design
To support the workﬂow and decision support re-
quirements for RM, we made signiﬁcant investments in
software infrastructure. The underlying architecture of
RM (Fig. 5) revolves around a clinical event monitor
[17,26–28] that processes all test results ﬁled into the
CDR for further evaluation by RM. The clinical event
monitor then passes the result to the results ﬁlter, which
will ﬁlter out inpatient results and associate results with
the appropriate clinicians (Fig. 6). The results ﬁlter then
passes results to the rules engine, which will apply pre-
deﬁned rules to the result (Fig. 5). Rules will determinethe decision support parameters that should be dis-
played when the user reviews the result—these include
the abnormal ﬂags, recommendations for follow-up ac-
tion and result interpretation for inclusion in the patient
result letter. The rules engine will then place the result
and relevant decision support parameters onto the re-
sults queue, which is indexed by recipients of results.
When the user invokes RM user interface, the results
queue is queried so that all results intended for the user
will be displayed in the RM front screen. RM also re-
cords all actions performed on items on the results
queue.7. Current status
We have recently completed the pilot of RM in two
clinics in our healthcare system and the application is
actively being used by over 20 physicians and nurse
practitioners in these two clinics. Prior to the pilot
phases, we gave 1-h tutorials during the practice meet-
ings. During the pilot phase, team members sat with
users to observe their interaction with RM. Elements of
the user interface that users found to be confusing were
modiﬁed. We also used questions that users commonly
asked during the training and observation sessions to
reﬁne the content of our training sessions.
Fig. 6. Filtering out of inpatient test results and association of test
results with providers and clinic visits.
Fig. 5. Software architecture for Results Manager.
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ducting a randomized controlled trial across our 24
primary care clinics to determine whether RM can im-
prove the safety, reliability and eﬃciency of abnormal
test result follow-up. Domains of study will include
abnormal pap smears, mammograms, cholesterol and
hemoglobin A1c. We will also survey clinicians satis-
faction with their result management system and pa-
tients satisfaction with the way test results arecommunicated to them before and after the deployment
of RM.8. Methodological challenges
We describe here three challenges in the design and
maintenance of RM and our approach in tackling these
issues. The ﬁrst issue concerns the identiﬁcation of the
recipients for test results when computerized order entry
is not in place. The second issue concerns the ongoing
management of the medical knowledge embedded
within the application. The third issue concerns the
completeness of clinical data supported by RM.
8.1. Association of patient results with providers and clinic
visits
In order for any result management application to
function, results must be assigned to the correct recipi-
ents. When orders for each test are recorded electroni-
cally through an ambulatory computerized physician
order entry (ACPOE) application, this association can
reliably be made by querying the order database to de-
termine which order the test result at hand fulﬁlls and
which clinician placed the order. However, since
ACPOE is still forthcoming in many organizations
including ours, alternative approaches were needed.
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panels and associate an incoming result for a patient
with all the physicians who have placed that patient on
their panels (personal communication, Dr. Jim Jirgis,
Vanderbilt University Medical Center). While this ap-
proach has many merits, our outpatient clinicians were
concerned that they would be inundated with results for
tests ordered by physicians of other specialties and
during patients hospital stays. Moreover, physicians in
our institution do not have robust and eﬃcient ways to
deﬁne their panel of patients. Therefore, we adopted
another approach.
We discovered during the design of RM that third-
party payers do not reimburse for tests unless an or-
dering physician is identiﬁed. As a result, various
mechanisms exist in our institution to ensure that out-
patient test requisition forms are marked with an or-
dering provider. For this reason, we are able to identify
the ordering provider for a large proportion of tests,
including all chemistry and hematology tests performed
in our institution. RM takes advantage of this infor-
mation to identify the recipient for most results. How-
ever, since certain source systems within our institution
do not maintain the ordering provider ﬁeld using the
standard enterprise-wide provider dictionary, the iden-
tity of the ordering provider may not always be avail-
able as RM processes each result. Currently, this is the
case for pathology and radiology tests results. When
this issue arises, we examine the appointments the pa-
tient has had within a pre-deﬁned time frame of the test
result and assign that result to the provider whose ap-
pointment with the patient falls temporally closest to
the result. We also provide mechanisms to allow phy-
sicians to declare an explicit interest in a particular
patient—a physician can place particular patients on a
watchlist for a period of time and all results that be-
come available during that time window on those pa-
tients are sent to that physician, regardless of who
ordered the test. A physician who has set a test-tickler
for a particular test on a patient will also receive a copy
of the result even if the physician is not the ordering
provider. Users are educated on these two ways to ex-
press interest in patients results during training sessions
for the application.
In summary, we learned in tackling this methodo-
logical challenge that ACPOE, while highly desirable, is
not an absolute pre-requisite for the development of a
results management application. When mechanisms ex-
ist to leverage the ordering provider information that is
usually present for billing purposes, results can be
streamed to their correct recipients. In this context, the
ordering provider ﬁeld for test results has signiﬁcant
value in terms of workﬂow eﬃciency and patient safety.
This provides additional support for the creation,
maintenance and use of a master provider index within a
healthcare organization.8.2. Management of medical knowledge
During the design phase of RM, we relied on feed-
back obtained during focus groups to guide our devel-
opment of the medical knowledge base for RM. As far
as possible, we also made use of well-established na-
tional guidelines that are well accepted by the local
medical community. However, guidelines on many
clinical issues, including how quickly abnormal test re-
sults should be acted on, remain to be fully developed.
As national guidelines and practice patterns evolve over
time, we recognize that the medical knowledge embed-
ded in RM will have to be updated. We anticipate the
use of several mechanisms to accomplish this task. First,
we will rely on direct user feedback and our implemen-
tation experiences to help us reﬁne the knowledge base.
Second, we will conduct periodic review with physician
leaders in the user base to update the knowledge base.
Third, we will use automated tools to detect any broken
weblinks embedded within the clinical decision support
material.
We also plan to expand the scope of decision support
that helps clinicians manage abnormal test results. Areas
where we feel clinicians will beneﬁt from further decision
support include the management of abnormal liver
function tests, thyroid function tests, prostate-speciﬁc
antigen, and drug–laboratory interactions. Furthermore,
as RM is rolled out to other specialty clinics, we will also
need to adopt the decision support rules to their patient
populations. For example, the rules for anemia and leu-
kopenia for medical oncology patients should be diﬀerent
from those for primary care patients. To facilitate the
reﬁnement of existing rules and creation of new rules in
the RM knowledge base, we are currently designing a
Rules Editor. This should diminish the time needed to
translate knowledge established by new medical research
into practice for physicians in our community.
8.3. Completeness of clinical data
RM leverages clinical data that are captured by the
enterprise-wide clinical data repository (CDR). While
this enables RM to display a large majority of test results
used in the outpatient clinical setting, certain data types
that are not yet captured by the CDR, including micro-
biology and neurophysiology data, cannot be displayed.
As clinicians shifts their workﬂow from paper to elec-
tronic, they begin to ignore paper and there is a risk of
missing important results. This underscores the impor-
tance of building complete enterprise-wide databases. As
the CDR expands its data types, results manager will
begin to support them. Our current plans call for the
inclusion of microbiology within the next 6 months.
Another issue we have encountered is that not all test
results are coded. Since RM is unable to interpret un-
coded test results, important ﬁndings, such as nodules
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interface as results that require prompt attention. Our
short-term approach is to label test results RM cannot
fully interpret as unable to categorize, and display these
test results after the sub-critical results but ahead of
abnormal results on users queue. In the long run, we
will work with our ancillary testing staﬀ to ensure that,
to the extent possible, coded information is passed into
the CDR. Natural language processing techniques [29]
can also be explored to translate free-text clinical in-
formation into coded form.9. Future directions
The software architecture created for the RM project
can also serve as part of the information technology
infrastructure for our healthcare organization. Data
stored in the RM results queue can be queried by other
applications currently in development. For example, our
planned ambulatory order entry module [30] will be able
to query it to determine if orders placed by clinicians for
tests have been fulﬁlled. The results queue may also
communicate with our secure patient website applica-
tion to allow patients to review test result letters and/or
test results.10. Conclusion
Results management is an important activity for out-
patient clinicians and we have built RM to facilitate this
process. The strength of RM lies in its ability to com-
prehensively address the workﬂow for test result follow-
up in the outpatient setting: it classiﬁes the degree of
abnormality for outpatient test results, provides context-
sensitive templates for physicians to generate result letters
to patients, presents guidelines for managing abnormal
results, suggests reminders for repeat testing in the future
and allows clinicians to electronically acknowledge the
result. By providing these features in RM, we have sat-
isﬁed the requirements initially laid out by our user-base.
We have also employed iterative design methods to de-
sign a user-interface that ﬁts into the clinicians workﬂow
and we believe our application will reduce the time re-
quired for managing test results. In addition, by im-
proving the reliability and eﬃciency of the test results
management process and ensuring that important ab-
normal test results do not get lost, we believe RM will
improve patient safety. Future studies are planned to
quantify the impact of RM on safety outcomes.References
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